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Electrochemical techniques are widely utilized for detection of electroactive 
species due to advantages of low cost, easy operation and variety of methods. How to 
achieve high selectivity and sensitivity of detection in the presence of electroactive 
species are the key points in development of electrochemical detection methods. 
Recently, selective detection based on depletion or separation of interferent in 
diffusion layer has become one of the directions in the field. The continuous 
development of micro-electromechanical system (MEMS) have provided 
opportunities for designing and fabricating diverse and integrated microelectrode 
arrays, and thus benefits validation and application of novel detection principles. 
By employing integrated plane-recessed complex microelectrode array, this 
thesis mainly focus on developing new strategies combining interferent-depleting and 
redox cycling enhancement in the diffusion layers to generalize the electrochemical 
detection for both reversible-irreversible and reversible-reversible systems; 
Furthermore, by systematically investigating localized concentration gradient-induced 
electrochemical bipolar behavior existing on the metal plane electrode of the 
plane-recessed microelectrode array, the integration level and thus the detection 
sensitivity are improved on the basis of bipolar behavior. In addition, by designing 
programmed stimulation potential control signals to realize depletion of interferent in 
the diffusion layer, selective detection base on single working electrode has been 
developed. Detailed contents and main conclusions are outlined as follows:  
1. Integrated plane-recessed microelectrode arrays have been successfully 
fabricated on the platform of MEMS. The processes based on polyimide as insulating 
layer and combining lift-off and inductively coupled plasma etching have been 
established to produce reproducible microelectrode arrays. Electrochemical 
characterizations indicate that the mass transport of the recessed microelectrode is not 
















under the generation-collection mode, diffusion layers between the plane electrode 
and microelectrode array couples severely. All these characters guarantee future 
applications of plane-recessed microelectrode array. 
2. Based on the complex configuration of plane-recessed microelectrode array, 
a novel working principle combing interferent-depleting and redox cycling 
enhancement in diffusion layer has been proposed to realize generalized 
electrochemical detection for reversible-irreversible and reversible-reversible systems. 
Selective detection of dopamine in the presence of ascorbic acid has been realized and 
factors affecting selective and sensitive detection have been systematically 
investigated; Moreover, selective detection of catechol in the presence of 
hydroquinone, both of which carry out chemical reversible reactions, validates 
strongly that the electrode can work regardless of the reversibility of interfering 
species, which cannot be achieved based on conventional redox cyling working mode 
in interdigitated array electrodes. 
3. Bipolar phenomenon existing in the plane metal electrode of the 
plane-recessed microelectrode array due to local concentration gradient has been 
systematically explored, and it is successfully applied to increase the integration of 
microelectrode array and thus the detection sensitivity. Two types of microelectrode 
array (plane-recessed microelectrode array and recessed microelectrode array) with 
different center-to-center distance are designed to investigate diffusion properties and 
electrochemical behaviors arising from bipolar phenomenon. A conclusion has been 
drawn that the electrode density of microelectrode can be increased without losing the 
characteristics of microelectrode, and thus detection sensitivity is improved by more 
than one order of magnitude provided that sufficient bipolar process exist in the plane 
metal film. 
4. By designing programmed stimulation potential control signals, a method for 
selective detection based on the concept of electrochemical depletion of interfering 
species in diffusion layer have been established with single glassy carbon working 
electrode. A strategy of combination of potential step and linear scan voltammetry is 
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